Abstract -As is well known, fluctuations from a stable stationary nonequilibrium state are described by the linearized inhomogeneous Boltzmann-Langevin equation. The stationary state itself can be described by the nonlinear Boltzmann equation. The ways of its linearization sometimes seem to be not unique. We argue that there is actually a unique way to obtain a linear equation for the fluctuations. As an example, we consider an analytical theory of nonequilibrium shot noise in a diffusive conductor under the space-charge-limited regime. Our approach is compared to that in [11]. We find some difference between the present theory and the approach in [11] and discuss a possible origin of the difference. We believe that it is related to the fundamentals of the theory of fluctuation phenomena in a nonequilibrium electron gas. © 2002 MAIK "Nauka/Interperiodica". SOLIDS Electronic Properties ¶ This article was submitted by the authors in English.
INTRODUCTION
The present paper is devoted to the theory of shot noise in the space-charge-limited diffusive conduction regime. The motivation can be formulated as follows. It is well known that fluctuations from a stable stationary nonequilibrium state are described by the linearized inhomogeneous Boltzmann-Langevin equation (see, e.g., [1] [2] [3] [4] [5] [6] [7] ). At the same time, the stationary state itself is described by the nonlinear Boltzmann equation. There are instances where the ways of linearization of the nonlinear Boltzmann equation seem to be not unique. We believe, however, that, in each such case, there is a unique way to obtain the linearized Boltzmann equation for the fluctuations, and we give general considerations to find this linearization and indicate it for the particular case treated in the present paper.
We develop a theory of nonequilibrium shot noise in a nondegenerate diffusive conductor under the spacecharge-limited regime. This regime is extensively discussed in the literature (see, e.g., [8, 9] ). The current noise under such a regime was recently studied by Monte Carlo simulation by González et al. [10] . Quite recently, the noise was analytically studied under the same conditions by Schomerus, Mishchenko, and Beenakker [11] . Their general finding was that, because of the Coulomb correlation between electrons, the shot noise is reduced below the classical Poisson value. The authors of both [10] and [11] came to the conclusion that under certain conditions, the suppression factor in the nondegenerate 3D case can be close to 1/3. Later on, Nagaev [12] showed in a special example that, unlike the 1/3 noise reduction in degenerate systems, the noise suppression by the Coulomb interaction is nonuniversal in nondegenerate systems. The noise suppression in such systems may depend on the details of the electron scattering.
We agree with the conclusion in [10, 11] that the reduction of the shot noise power in nondegenerate diffusive conductors can sometimes be close to the value of 1/3 theoretically predicted for a three-dimensional degenerate electron gas. As mentioned above, we also arrive at some conclusions that may prove important for the general theory of fluctuations in nonequilibrium systems. As is well known, the fluctuation phenomena in nonequilibrium stable systems are described by a linearized Boltzmann equation. We use the example analyzed in detail in the present paper to show that the linearization must be performed with care. In particular, there is a difference between the analytical procedures used in [11] and in the present paper for the calculation of the shot noise power. We discuss the origin of this difference and its implications. Because the point leading to the discrepancy is very subtle, it demands a rather detailed analysis, which we perform in the present paper partly repeating the calculations in [11] with some modifications. Our starting point is the Boltzmann equation formulated for the description of the stationary state; it is then applied to the analysis of fluctuations.
BOLTZMANN EQUATIONS
We consider the simplest model, used in [11] , for the diffusion-controlled and space-charge-limited trans- Splitting the distribution function into even and odd parts with respect to p , we obtain
We assume that the collision operator acting on the even (odd) part of the distribution function gives an even (odd) function. This can be the case either because of the central symmetry of the crystal itself and the scatterers or because of the possibility of using the Born approximation in calculating the scattering probability. The first split equation is Inserting this expression into the second split equation for ≈ f ( ε , r , t ) and averaging over the constantenergy surface in the quasimomentum space, we arrive at (2.6)
where the term on the right-hand side describes the inelastic collisions, while the density of states ν ( ε ) and the diffusion tensor D αβ ( ε ) are defined as (2.7)
The electric field obeys the Poisson equation (2.8) where κ is the dielectric susceptibility and n eq is the equilibrium concentration (equal to the concentration of donors). In what follows, we neglect n eq compared to the nonequilibrium concentration n.
The part of the distribution function contributing to the current consists of two terms that are proportional to the spatial and energy derivatives of f(ε, r, t), respectively, (2.9)
We consider the case where Dτ ε ӷ L 2 , where L is the sample length and τ ε is the energy relaxation time (of the order ). On the right-hand side of Eq. (2.6), we can then omit the term that describes the energy relaxation. Under the same conditions, we obtain the Boltzmann equation for the fluctuations of the distribution function (we remind the reader that here we consider low-frequency fluctuations with where τ p is the characteristic time of elastic collisions), (2.10) (2.11)
